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mVESTIGATION  AT  HIGH  SUBSCHIC  SPEEDS  OF  THE  EFFECT  OF 
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HAVING  A  SWEFTBACK  WING  IN  A  HIGH  LOCATION 
By  H.  Norman  Silvers  and  Dioinas  J.  King,  Jr. 


SUMARY 


An  Investigation  vas  made  at  hl£^  subsonic  speeds  of  the  longitudinal 
and  lateral  stability  characteristics  of  a  complete  model  having  four 
vertical  locations  of  the  horlzonteO.  tall  and  a  sveptback  vlng  located 
in  a  hl^  position  on  the  fuselage.  !Bxe  ving  had  45°  of  sveepback,  an 
aspect  ratio  of  4,0,  and  a  taper  ratio  of  0.5.  The  results  were  obtained 
In  the  Langley  hlg^-speed  7-  by  10-foot  tunnel  at  Mach  numbers  from  0.80 
to  0.92. 

The  results  show  that  longltiadinal  Instability  at  moderate  angles 
of  attack  vas  avoided  only  by  placing  the  horizontal  tall  below  the  wing 
choi^i  plane.  At  low  lift  coefficients,  the  contribution  of  the  horizontal 
tall  to  longltiidlnal  stability  vas  increased  as  the  tall  was  moved  to  the 
hl^  or  low  positions.  At  the  lowest  test  Mach  nimber  (M  =  0.8)  the 
directional  stability  decreased  appreciably  with  Increasing  lift  coeffi¬ 
cient  for  all  horlzonteJu-tall  locations.  Directional  stability  at  hl^ 
lift  coefficients  Improved  with  Increasing  Mach  number,  particularly  when 
the  horizontal  tall  vas  mounted  at  the  top  of  the  vertical  tall.  At  low 
lift  coefficients  the  contribution  of  the  tall  assembly  to  directional 
stability  was  a  minimum  in  a  medium  position  (0.064  wing  span  above  wing 
chord  plane ) .  Moving  the  horizontal  tall  from  the  f useleige  center  line 
to  the  top  of  the  vertical  tail  resulted  In  a  large  Increase  in  effective 
dihedral,  particularly  at  low  lift  coefficients. 


iwrooDucnoN 


Many  coordinated  research  programs  have  been  undertaken  In  fll^t 
ani  wind  tunnels  to  develop  the  present  understandlzxg  of  aircraft 
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stability  problems  at  lov  speeds.  The  Natloxial  Advisory  Committee  for 
Aeronautics  Is  presently  extending  available  research  results  to  high 
subsonic  and  supersonic  speeds.  In  reference  1  are  presented  the  sta¬ 
bility  characteristics  of  a  model  at  low  speeds  with  various  vertical 
locations  of  the  wli^  and  horizontal  tall.  Similar  results  are  presented 
In  reference  2  at  supersonic  speeds.  !Die  results  In  the  present  paper 
were  obtained  at  hl^  subsonic  speeds  on  a  model  having  a  sweptback 
wing  located  high  on  the  fuselage.  The  effects  of  vertical  location  of 
the  horizontal  tall  and  the  various  cooqponent  parts  of  the  model  on 
static  longitudinal,  and  lateral  stablll-t^  characteristics  are  xnresented. 

Ihe  purpose  of  the  present  paper  Is  to  present  and  discuss  briefly 
the  experimental  results  of  this  Investigation. 


COEPFICIEOTS  AHD  SYMBOLS 


All  data  are  presented  about  the  stability  system  of  axes  as  shown 
in  figure  1.  The  pitching-moment  coefficients  are  referred  to  the  quarter 
choird  of  the  mean  aerodynamic  chord. 

Cl  lift  coefficient, 

Cj)  drag  coefficient, 

qS 


Cjn 

Cl 

Cn 


Cy 


pitching-moment  coefficient, 
rolling-moment  coefficient,  ^ 
yawing-moment  coefficient, 

qSb 


side -force  coefficient. 


Side  force 
qS 


S 


c 


c 


wing  area,  sq  ft 


wing  mean  aerodynamic  chord. 


ft 


local  chord  parallel  to  plane  of  symmetry,  ft 
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Ac/l*. 


vtng  span,  ft 

dynamic  pressure,  2^,  Ib/sq.  ft 

mass  density  of  air,  slvigs/cu  ft 
free-stream  velocity,  ft/sec 
Mach  number 

Reynolds  number  of  vlng  based  on  c 

angle  of  attack,  deg 

angle  of  sideslip,  deg 

sweep  angle  of  quarter-chord  line,  deg 

spanwlse  distance  from  plane  of  symmetry,  ft 

horizontal-tall  hel^t  from  fuselage  center  line,  positive 
xipward,  ft 

aCr 

llft-cxnrve  slope, 


pitching -moment-curve  slope. 


^CmCj 


horizontal-tall  contribution  to  0^^^,  "  (^l)wFV 

tall  contribution  to  Cyp,  ^Cyp)  -  (Cypj  ^ 

tall  contribution  to  Cno#  fCno)  -  (Cno) 

P  V  P/WFVH  \  P/WF 

tall  contribution  to  Ci-,  -  (Cio\ 

P  \  P/WPVH  \  P/WF 

longitudinal  location  of  effective  tall  center  of  pressvcre, 

— at  a  *  0° 

^p 
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k 


2. 

b 


vertical  location  of  effective  tall  center  of  pressure. 


/!Cl 


i 


at  a 


Subscripts : 
t  tip 

r  root 

^  denotes  partial  derivative  of  a  coefficient  vlth  respect  to 

sideslip  angle;  for  example,  Cip  «  - 

0  denotes  values  of  a  parao^ter  at  zero  lift  coefficient 

a  =  0°  value  at  angle  of  attack  of  0° 

Designation  of  model  cooq^nents: 

W  wing 

F  fuselage 

V  vertical  tall 

V  vertical  tall  +  ventreJ.  fin 

H  horizontal  tall 


MODEL  AND  APPARATUS 


A  three -view  drawing  and  tabulated  geometric  characteristics  of  the 
model  are  presented  In  figure  2. 

Cie  wing  was  located  In  a  hl^  position  such  that  the  wing  upper 
surface  at  the  plane  of  symmetry  was  approximately  coincident  with  the 
hipest  point  on  the  fuselage.  The  wing  was  mounted  with  CP  incidence 
and  dihedral.  Ordinates  of  the  fuselage  are  presented  In  table  I. 

!Ihe  four  vertical  locations  of  the  horizontal  tall  are  Illustrated 
In  figure  3  are  designated  low,  center,  medium,  and  hl^.  These 
designations  are  employed  herein.  The  incidence  of  the  horizontal  tall 
In  each  vertical  location  was  0^. 
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!Rie  model  vas  sting  supported  and  data  vere  obtained  frcn  a  slx- 
CQoqponent  strain-gage  balance  located  within  the  fuselage  of  the  model. 


TESTS 


Longitudinal  tests  were  made  In  the  Langley  hl|^-speed  7**  ^  10-foot 
tunnel  at  constant  Mach  nvmbers  of  0.80,  0.8^,  O.90,  and  O.92  and  at  CP 
Sideslip  throu^  an  angle -of -attack  range  from  about  ~2P  to  about  at 
the  lowest  Mach  nvmber.  lateral  parameters  were  determined  throuj^  the 
angle-of -attack  range  at  sideslip  angles  of  t4^.  Lateral -parameter  data 
were  obtained  at  the  same  Mach  ntmibers  axid  over  approximately  the  angle- 
of -attack  range  covered  in  tests  at  CP  sideslip.  Tests  were  also  made 
at  constant  angles  of  attack  of  approximately  cP,  13°,  l6*^,  and  19^ 
through  a  range  of  sideslip  angle  from  about  -4°  to  about  12°.  At  the 
highest  Mach  numbers  both  the  angles  of  attack  and  angles  of  sideslip 
of  the  model  were  restricted  for  structural  reasons. 

The  Investigations  were  performed  on  the  complete  model  with  four 
vertical  locations  of  the  horizontal  tall  and  with  the  horizontal  tall 
removed.  In  addition,  lateral-parameter  tests  were  performed  on  the 
wing-fuselage  combination  and  on  the  wing-fuselage  combination  with  the 
vertical  tail  plus  the  ventral  fin.  It  should  be  noted  that  the  ventral 
fin  was  used  as  a  support  for  the  hcnrlzoxital  tall  In  the  low  position 
and,  except  for  a  test  with  the  horizontal  tall  off,  was  vised  only  for 
this  location  of  the  horizontal  tail.  Sideslip  tests  (-4°  ^  p  ^  12°) 
were  performed  for  two  vertical  locations  (center  and  hlfpi)  of  the 
horizontal  tall. 

Oie  Reynolds  nvmber  based  on  the  meeui  aerodynamic  chord  varied  with 
Mach  nvmber  as  lllvistrated  In  figure  4. 


CORRECnOHS 


Blockage  corrections  were  applied  to  the  results  by  the  method  of 
reference  3.  Jet-boundaiy  corrections  were  applied  to  the  angle  of 
attack  and  drag  by  the  method  of  reference  4.  The  drag  coefficients 
were  corrected  for  a  longitudinal  pressvtre  gradient  that  exists  In  the 
tvinnel. 

No  sting  interference  tares  were  applied  to  the  resvilts.  The  drag 
coefficients  were  adjusted  to  correspond  to  a  condition  of  free-stream 
static  pressure  at  the  base  of  the  model. 
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No  atten^t  vas  made  to  correct  the  results  for  aeroelastlc  distortion 
of  the  model. 


FBsssjmrim  of  results 


The  resxats  of  the  Investigation  are  presented  In  the  figures  uhlch 
are  listed  as  follows: 


Figure 


Loisgltudlnal  characteristics  of  the  model  with  various 

vertical  locations  of  the  horizontal  tall . .  ^  to  8 

Effect  of  tail  height  on  longitudinal  parameters .  9 

Lateral  stability  parameters  of  the  model  without  the 

horizontal  tall  ......  .  10 

Lateral  stability  parameters  of  the  model  with  various  vertical 

locations  of  the  horizontal  tall .  11 

Effect  of  Mach  number  on  variation  of  Cup  with  .  12 

Variation  of  static  lateral  stability  parameters  with  horizontal- 

tail  heigjit  at  low  lift  coefficients .  13 

Lateral  characteristics  of  the  model  with  two  vertical  locations 

of  the  horizontal  tail . . l4  to  17 


DISCUSSION 

Longitxidinal  Characteristics 


In  figures  5  to  8  are  shown  the  longitudinal  characteristics  of  the 
model  without  a  horizontal  tall  and  with  a  horizontal  tall  In  four  verti¬ 
cal  locations.  Cie  pltchlng-moment  results  (figs.  7  and  8)  show  that 
without  a  horizontal  tall  the  wing-fuselage  combination  develops  the 
usual  pltch-up  tendency  to  be  e:q)ected  for  the  wing  plan  form  used.  It 
is  to  be  noticed  that  the  wing-fuselage  combination  referred  to  consists 
of  the  wing,  fuselage,  and  the  vertical  tail.  Pltch-\q>  occurs  near  the 
angle  of  attack  where  decreases  In  llft-c\nrve  slope  are  first  Indicated 
(fig.  5). 

19ie  vertical  location  of  the  horizontal  tall  has  a  pronounced  effect 
on  the  pltch-up  characteristics  of  the  wing-fuselage  combination.  In 
general,  the  horizontal  tall  In  the  hi^  or  the  medium  vertical  location 
(figs.  7  and  8)  does  not  appear  to  Improve  the  pltch-up  characteristics. 
The  center  and  low  locations  of  the  horizontal  tall  (0.036b  and  0.126b 
below  the  wing  chord  plane,  respectively)  reduced  the  pitch-up  tendencies 
of  the  wing-fuselage  ccmiblnatlon  at  all  Mach  numbers  with  the  best  char¬ 
acteristics  belzg  shown  by  the  low  tail. 
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The  effects  of  horizontal -tall  hel^t  on  some  longltudlnti  charac¬ 
teristics  at  zero  lift  az*e  shown  In  figure  9«  As  the  tall  was  raised 
from  the  low  to  the  hl^  position,  the  pitching  moment  at  zero  angle  of 
attack  varied  from  a  negative  value  to  a  positive  value,  the  magnitude 
of  the  variation  being  somewhat  greater  at  M  >  O.90  than  at  M  =  O.8O. 
This  variation  probably  resvilts  chiefly  from  the  stream  pressure  and 
angular li^  field  Induced  by  the  vertical  tall  and  fuselage  afterbody. 

it  on  the  pltchlng-moment  slope 

are  Indicated  In  figure  9* 


i^ge  effects  of  horlzontai-tall  he 
and  the  tall  contribution 


^L/O 

An  Increase  In  tall  contribution  to  longlttidlnal  stability  resulted  as 
the  tall  was  moved  either  above  or  below  the  wing  chord  plane,  apparently 
because  of  decreased  dovnwash  at  the  tall  plane.  When  mounted  on  the 
fviselage  center  line,  the  horizontal  tall  was  approximately  "JO  percent 
as  effective  as  when  mounted  at  the  top  of  the  vertical  tall. 


Lateral  Characteristics 

The  lateral  stability  derivatives  (fig.  11)  Indicate  that  at  the 
lowest  test  Mach  number  (M  =  O.80)  the  directional  stability  of  the 
con^lete  model  with  the  horizontal  tall  at  any  of  the  vertical  locations 
Investigated  decreased  rapidly  as  the  lift  coefficient  was  Increased 
above  0.8.  This  decrease  Is  a  result  of  a  reduction  In  tall  effectiveness, 
since  with  the  horizontal  and  vertical  tails  removed,  relatively  small 
variations  of  Cxip  with  Cj,  are  Indicated  (fig.  10).  An  Indication 

of  the  effects  of  increasing  the  test  Mach  number  from  O.8O  to  0.92  is 
Illustrated  for  center  and  hl^  tall  locations  In  figure  12.  For  either 
tall  arrangement,  directional  stability  at  the  hl^er  lift  coefficient 
was  Improved  as  the  Mach  number  increased.  The  Improvements  were  small 
for  the  center  tail,  but  were  of  such  magnitude  for  the  high  horizontal 
tall  that  at  a  Mach  number  of  0.92,  Cup  Increased  continuously  over 

the  test  lift-coefficient  range. 

At  low  lift  coefficients,  the  magnitudes  of  the  directional  stability 
of  the  cooiplete  model  and  of  the  tail  contribution  to  directional  sta¬ 
bility  (fig.  13)  varied  with  tall  hel0it  in  much  the  same  manner  indicated 
by  previous  low-speed  tests  (ref.  1).  The  curves  in  figure  13  have  been 
faired  with  solid  lines  only  throu^  the  range  from  the  center  tall  loca¬ 
tion  to  the  high  tall  with  results  for  the  low  tall  Indicated  by  points 
faired  with  a  broken  curve,  since  additional  fin  area  had  to  be  added  to 
provide  a  eupport  for  the  low  horizontal  tail.  Nevertheless,  the  results 
for  the  low  tall  seem  to  follow  the  trend  established  by  the  other  tall 
arrangements.  As  would  be  expected  from  consideration  of  end-plate 
effects,  the  directional  stability  is  a  minimum  wh^n  the  horlzcmtal  tall 
Is  In  the  medium  position  and  Is  almost  the  same  as  the  value  with  hori¬ 
zontal  tail  removed  (indicated  by  solid  Isolated  symbols).  At  Mach 


CONFXDEDTIAL 


8 


coRriDiafRnAL 


HACA  BM  L^BIO 


nuBbers  of  0.80  and  0.90  the  directional  stability  of  the  model  vlth  the 
medlUB  horizantal-tall  location  was  about  one-fourth  of  the  directional 
stability  of  the  hl^  tall  arrangement.  !Qie  tall  contribution  to  the 
directional  stability  of  the  medlm  tall  configuration  vas  about  60  per¬ 
cent  of  the  contribution  for  the  hl^  tall  arrazigement . 

At  lov  lift  coefficients,  an  vgnrard  movement  of  the  horizontal  tall 
Increases  the  negative  value  of  both  the  effective  dihedral  derivative 
Clp  and  of  the  tall  contribution  to  Cl^.  (See  fig.  13.)  This  Is 

Indicative  of  a  possible  vgnrard  movement  of  the  center  of  the  load  due 
to  sideslip  In  addition  to  the  increase  In  tall  effectiveness.  Figure  13 
shovs  effective  tall  centers  of  pressure  as  determined  from  the  tall 
contribution  to  the  stability  derivatives.  As  the  horizontal  tall  Is 
moved  from  the  center  to  the  hlc^  position  an  \q)vard  movement  of  center 
of  pressure  equal  to  11  percent  of  the  vlng  span  (40  percent  of  the 
vertical  tall  span)  Is  Indicated.  Only  a  slight  fore  and  aft  movement 
Is  shown. 

Variations  of  the  lateral  coefficients  Cy,  Cq,  and  Cl  with  side¬ 
slip  angle  are  presented  In  figures  l4  to  17  for  the  complete  model  having 
center  and  hl^  tall  locations.  In  general,  the  directional  stability  Is 
some\diat  better  at  moderate  angles  of  sideslip  (5°  to  lOP)  than  at  low 
sideslip  angles  for  the  center  tall  configuration;  the  hl£^  tall  conflg- 
xiratlon,  however,  at  a  «  19^  beccxaes  directionally  unstable  above 
P  »  8°  at  M  »  0.80  and  p  »  6°  at  M  *  O.85.  Die  rolllngHnoment 
curves  also  are  nonlinear,  particularly  in  the  angle -of -attack  range 
from  13°  to  16°.  In  this  range,  the  effective  dihedral  at  the  higgler 
sideslip  angles  Is  somewhat  larger  than  at  lov  sideslip  angles. 


COnCLUSIQRS 


An  Investigation  at  hlgti  subsonic  speeds  of  the  longitudinal  and 
lateral  stability  characteristics  of  a  cooqplete  model  vlth  varying  vertical 
location  of  the  horizontal  tall  and  a  sweptback  wing  In  a  high  location 
on  the  fuselage  indicates  the  foUovlng  conclusions: 

1.  For  the  model  configuration  investigated,  longitudinal  instability 
at  moderate  lift  coefficients  vas  avoided  only  by  placing  the  horizontal 
tall  below  the  vlng  chord  plane. 

2.  At  low  lift  coefficients,  the  contribution  of  the  horizontal  tall 
to  longitudinal  stabllliy  vas  increased  as  the  horlzonted.  tall  wau  moved 
to  big*  or  lov  positions.  When  mounted  on  the  fuselage  center  line  the 
horizontal  tall  vas  JO  percent  as  effective  as  when  mounted  at  the  top 
of  the  vertical  tall. 
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3>  At  the  lowest  test  Mach  number  (M  «  0.80),  the  directional  sta¬ 
bility  decreased  appreciably  at  the  higher  lift  coefficients  for  all 
horizontal -tall  locations.  Directional  stability  at  hle^  lift  coeffi¬ 
cients  improved  with  increasing  Mach  number,  psrtlcularly  when  the  hori¬ 
zontal  tall  was  mounted  at  the  top  of  the  vertical  tall. 

1^.  At  low  lift  coefficients,  the  directional  stability  and  the 
contribution  of  the  tall  assembly  to  directional  stability  was  a  minimum 
when  the  horizontal  tall  was  mounted  In  a  medium  position  (0.084  wing  span 
above  wlxig  chord  plane).  For  this  tail  arrangement  the  directional  sta¬ 
bility  and  the  contribution  of  the  tall  assembly  to  the  directional  sta¬ 
bility  were  about  25  and  60  percent,  respectively,  of  that  obtained  when 
the  horizontal  tall  was  mounted  at  the  top  of  the  vertical  tall. 

5*  As  the  horizontal  tall  was  moved  from  the  fuselage  center  line 
to  the  top  of  the  vertical  tail,  the  effective  center  of  pressure  of  the 
load  due  to  sideslip  was  raised  by  an  amount  equal  to  11  percent  of  the 
wing  span  or  40  percent  of  the  vertlcel-tall  span,  nils  change  in  center 
of  pressinre,  along  with  the  Increased  tall  effectiveness  resulted  In  a 
large  Increase  in  effective  dihedral,  particvilarly  at  low  lift  coefficients. 


Langley  Aeronautical  Laboratory, 

National  Advisory  Committee  for  Aeronautics, 
Langley  Field,  Va.,  January  30,  1956. 
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TABLE  T. 

FUSELAGE  ORDINATES 


_  KJ!  _ 

- _ vf  /  OT _ J 

—tr.50-^ 

d  - 

Cylindrical  section 


Ordinates ,  in. 


station 

Radius 

0 

0 

2.00 

.53 

4.00 

LOO 

6.00 

1.44 

BOO 

1.80 

10.00 

2.07 

12.00 

2.30 

14.00 

2.42 

1600 

2.47 

17.50 

2.50 

41.27 

2.50 

4327 

2.42 

4527 

2.35 

47.27 

2.25 

46.30 

2.14 

54.72 

1.65 
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Figure  1.-  Stability  system  of  axes.  Positive  directions  of  forces,  moments, 

axkd  angles  are  Indicated  by  arrovs. 
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Figure  5.-  Locations  of  the  horizontal  tail 
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Mach  number,M 


Figure  k.-  Variation  with  Mach  number  of  Reynolds  number  (based  on  wing 

mean  aerodynamic  chord). 
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Hor.  tail  position 
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Lift  coefficient, Cl 


Figure  5.-  Variation  of  lift  coefficient  with  angle  of  attack  of  Mo¬ 
ving— fuselage  model  without  and  with  horizontal  tail  at  various 
vertlceO.  locations. 
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Figure  6.-  Variation  of  drag  coefficient  with  Uft  coefficient  of  hl^ 
wing— fuselage  model  without  and  wltii  horizontal  tall  at  various 
vertical  locations# 
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Figure  7*~  Variation  of  pltchlng-aonent  coefficient  with  lift  coefficient 
of  hl^-vlng— fuselage  model  without  and  with  horizontal  tall  at  various 
vertical  locations. 
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Figure  7«-  Continued. 
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Figure  8.-  Variation  of  pitching-moment  coefficient  with  angle  of  attack 
of  high-wing— fuselage  model  without  and  with  horizontal  tail  at  various 
vertical  locations. 
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Figure  6.-  Continued. 
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Figure  8.-  Concluded. 
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Configuration 
o  Wing -fuselage 

□  Wing -fuselage  -  vertical  tail- ventral  fin 
o  Wing-  fuselage  -  vertical  tail 


(a)  M  =  0.80. 

rigvtre  10.-  Variation  of  static  lateral  stability  parameters  with  lift 

coefficient  of  hi ^-wing— fuselage  model  without  and  with  vertical  tall. 
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Configuration 
o  Wing  -  fuselage 

o  Wing  -  fuselage  -  vertical  tail-  ventral  fm 
o  Wing  -  fuselage  -  vertical  tail 


(b)  M  -  0.85. 
Figure  10.-  Continued. 
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Configuration 
o  Wing -fuselage 

Q  Wing -fuselage- vertical  tail-  ventral  fin 
a  Wing- fuselage- vertical  tail 
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(c)  M  -  0.90. 
Figure  10.-  Continued. 
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Configuration 
o  Wing-  fuselage 

Q  Wing-  fuseiage-vertioai  taii-ventrai  fin 
o  Wing-  fuselage -vertical  tail 


(d)  M  -  0.92. 
Figure  10.-  Concluded. 
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Figure  11.-  Variation  of  static  lateral  stability  parameters  vlth  lift 
coefficient  of  hig^h-ving— fuselage  model  without  and  with  horizontal 
tall  at  various  vertical,  locations. 
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(^)  M  -  0,85. 
Figure  11.  *•  Continued. 
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(c)  M  -  0.90. 
Figure  11.-  Continued. 
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(d)  M  »  0.92. 
Figure  11.-  Concluded. 
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Figure  12.-  Effect  of  Mach  number  on  the  variation  of  Cno  with  Cl  for 

two  horizontal- tail  locations.  ^ 
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Figure  13.-  Sunmiary  of  variation  of  statlc-latereJ.  stability  parameters  with  horizontal- tall  height 

at  low  lift  coefficients. 
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Figure  lU.-  Variation  of  latereQ.  aerodynamic  characteristics  with  angle 
of  sideslip  at  various  angles  of  attack  of  hl^-vlng— fviselage  model 
with  horizontal  tall  In  center  and  hlf^  positions.  M  »  0.80. 
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(b)  Cn  against  p. 
Figure  l4.-  Continued. 
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Figure  1^.-  Variation  of  lateral  aerodynaznlc  characteristics  vlth  angle 
of  sideslip  at  various  angles  of  attack  of  hlgh-vlng—- fuselage  model 
with  horizontal  tall  In  center  and  hl£^  positions.  M  ■  0.8^. 
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(c)  Cl  against 
Figure  1^.-  Concluded. 
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Figure  16.-  Variation  of  lateral  aerodynamic  characteristics  with  angle 
of  sideslip  at  various  angles  of  attack  of  hlgh-wlng— fuselage  model 
with  horizontal  tall  In  center  and  hl^  positions.  M  ■  O.9O. 
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(c)  Cj  against  3. 
Figure  l6.-  Concluded. 
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Figure  17.-  Variation  of  lateral  aerodynamic  characteristics  vlth  angle 
of  sltesUp  of  hl^-vlng— •fuselage  model  vlth  harlsontal  tall  In  center 
and  hl^  positions.  M  •  0.92|  a  >  OP. 
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